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conferring synthetic tumor clonogen lethality, with far 
reaching clinical implications.  
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Purpose: The main focus of the present study is to investigate 
dose enhancement effects in presence of gold nanoparticles 
(AuNPs) in proton delivery site of the ocular melanoma by the 
use of fixed pencil beam method associated with the Harvard 
ocular nozzle in a series of Monte Carlo simulations. 
Moreover, this paper also aims to present a comparison of 
the obtained results between the actual eye model, 
consisting of all sections of the eye and realistic compositions 
in the presence of AuNPs, and in the exact same organ, albeit 
in privation of the mentioned material.  
Materials and Methods: Previous Monte-Carlo simulations 
have strained to acquire the same results obtained through 
latest experiments that have considered dose enhancement 
effects of proton treatments with existence of AuNPs, but to 
no avail; thus, multiple simulation codes such as MCNP, 
GEANT4, and FLUKA have been taken into account to insure 
the least possible deviation from in vivo findings. Rigorous 
libraries and models have been used, and all physical 
processes involved have been accounted for.Furthermore, for 
the sake of accuracy, the production of the most probable 
secondary particles due to interactions with matter has also 
been examined.Contribution to dose enhancement effects 
are due to stopping losses, coulomb interactions, and elastic 
and non-elastic collisions of proton itself, as well as from 
secondary particles that are produced in mentioned 
processes.  
Results and Conclusions: The attempt of such paper is to shed 
light on the endless possibilities of escalating the efficiency 
of medical endeavors through interdisciplinary methods 
which combine various aspects of science and technology to 
attain desired results. 
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Introduction: In this preliminary work, we developped a 
method to phenotype and analyse the tumour infiltrating 
immune cells (TIICs) and identified tertiary lymphoid 
structures (TLS) as potential immune reservoir in 
lslKrasG12D P53fl/fl mice model. As radiotherapy as been 
described to act on the recruitment, removal, 
reorganisation, repolarisation and activation of immune cells 
(1), our final goal will be to define optimal radiotherapy 
scheme to stimulate immune response. 
Material & method: lslKrasG12D P53fl/fl mice were used 
and tumours genenerated by intratracheal admnistration 
of LentiCre to generate numerous widespread lung 
autochonous tumours. Those were macrodissected, 
weighed and measured to analyse TIICs with a 16 colours 
facs pannel. TLS were identified, anayzed in serial lung 
sections and the TLS/ tumors ratio was assessed. Both 
TIICs and TLS were studied with IHC and/or IF. (B220, 
LY6G, CD3, Lyve1, Prox1, CD163, CD68, KI67, CXCR4, 
Ecadhérin, CD205). 
Results: Size of tumors positively correlated with high 
amount of CD80- macrophages/monocytes, MDSCs and 
Tregs, but was inversely proportionnal with the amount of 
NK1.1+, B220+, Ly6g+ cells and CD8/FoxP3 ratio. 
Histological analysis showed that immune cells were not 
strongly infiltrating tumors but located in aggregates 
defined as TLS in the vincinity of tumours and were mostly 
composed of B220+ cells and CD163+ macrophages.. TLS 
were approximately 50 uM sized and the tumour/TLS ratio 
was heteroeneous on 4um section, ranging from 0,5 to 
6,6. However, TLS were not observed in tumour-free 
control KP mouse. 
Conclusion: TLS are a known good prognosis factor in 
human lung cancer (2) and consistently with a recent 
publication (3) we report TLS infiltrates in tumour bearing 
KP mouse. Our hypothesis is that TLS may promote anti-
tumour immunity upon radiotherapy and is currently 
being tested using conventionnal and flash radiotherapy. 
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Purpose: The Center for Proton Therapy (CPT) of the Paul 
Scherrer Institute has a long history of technical innovation 
and development in the field of proton therapy and related 
quality assurance (QA) [1]. The unique integration of QA 
equipment for the second proton pencil beam scanning (PBS) 
gantry built at the CPT [2], Gantry2, allows extensive 
diagnostic of the treatment unit for performance 
improvement. Here we present our latest developments in 
detection systems and their performance for daily QA for 
PBS. 
Method: The daily QA equipment developed for Gantry2 
consists of a multi-layer ionization chamber (MLIC), a strip 
ionization chamber and two calibrated ionization chambers 
for dose measurement. The signals from the MLIC and strip 
monitor are first digitized by a multi-channel current-to-
frequency converter (TERA06 chip [3]) and then processed by 
detector specific electronics (DSE) modules designed at CPT. 
The DSE is fully integrated into the Gantry2 system, allowing 
recording of the data from external detectors for each 
delivered spot. The data recorded from November 2013 to 
October 2015 with Gantry2 consists of a set of comprehensive 
daily measurements for the proton energies, spots delivery 
parameters (size, shape, and parallelism) and dose 
measurements. 
Results: The results from the different detectors provide 
critical information about the performance of our treatment 
system. The range measurement shows a deviation of less 
than 0.5 mm water equivalent thickness (WET) over 115 
energies between 70 MeV and 230 MeV on a daily basis. This 
illustrates the good reliability of the beam delivery system. 
We compare two different MLIC systems with a water-based 
range measurement device as reference. The mean deviation 
of range between the devices is lower than 0.8 mm WET. The 
spot position during delivery provides crucial information 
about the stability of the gantry massive structure. 
Correlation between the gantry angle and the position of 
spots are clearly established. The results are all well within 
clinical tolerances. 
Conclusions: The in-house developed QA detectors and their 
integration into the Gantry2 system has provided unique 
possibilities for comprehensive and efficient daily QA. The 
results show the strong points of both the Gantry2 systems 
and the equipment developed in-house, such as the stability 
of the daily range measurements. The results are being used 
to draft the next, improved generation of QA devices at the 
CPT for new PBS techniques. 
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Purpose: Ion beam radiotherapy exploits the advantageous 
shape of the Bragg curve, resulting in conformal dose 
distributions. Helium ions, being heavier than protons, 
exhibit lower scattering than protons. Moreover, their lower 
charge leads to lower biological effectiveness when 
compared to carbon ions. These characteristics make helium 
ions attractive for future radiotherapy, especially for 
pediatric patients. However, before helium ions can be 
implemented in the clinical practice, it is necessary to obtain 
further information on the nuclear interactions between 
beam particles and patient tissues. Particularly important 
factors are the attenuation of primary ions fluence and the 
amount of arising secondary fragments. This information is an 
important input for biological models employed in treatment 
planning. In this contribution we present a novel method for 
measurement and identification of ions in mixed helium 
beams. 
Materials and methods: Measurements were performed at the 
Heidelberg Ion-Beam Therapy Center (HIT) in Germany. 
Abundance of helium ions and lighter fragments arising in 
PMMA, water, and different tissue-equivalent materials were 
investigated. Single particles were detected using the highly 
pixelized (55 µm) semiconductor detector Timepix [1], 
developed by the Medipix Collaboration at CERN. Its sensitive 
volume consists of a 300 µm thick silicon layer with an area 
of 1.4x1.4 cm². Timepix detectors were placed perpendicular 
to the helium beam. The first of them in front of the target 
served for monitoring of single incoming particles. The 
second one behind the target was used to register helium 
ions and fragments. The information on the time coincidence 
between the two detectors enabled us to relate the 
outcoming particles to single incoming helium ions.  
Results: Pattern recognition [2] of the single particle signals 
was found to be capable of distinguishing between helium 
ions and lighter fragments, as shown in Fig.1.  
The numbers of helium ions and fragments behind the used 
targets were quantified. As expected, we found an increasing 
amount of fragments and a decreasing amount of helium ions 
for increasing the thickness of PMMA targets. Furthermore, a 
comparison of measurements behind PMMA and water 
targets, with the same water-equivalent thicknesses, shows 
that the numbers of helium ions and fragments agree rather 
well for thin targets while greater differences were found for 
thicker targets.  
Conclusion: The small and versatile Timepix detectors allow 
to investigate the abundance of different ion types in helium 
ion beams. The whole setup is about two orders of magnitude 
smaller than previously used apparati based on time-of-flight 
measurements. This method is promising to acquire large 
data sets on helium nuclear interactions and thus improve 
the treatment planning in helium radiotherapy. 
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Fig. 1: “Pattern recognition” analysis of a mixed helium ion 
beam, with an initial energy of 220 MeV/u, arising behind a 
PMMA phantom of 24.5 cm thickness.  
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During the last two decades spectacular advances in medical 
imaging of anatomy and physiology, and medical radiation 
physics as well as in computer sciences have made it possible 
to deliver radiation doses to a predefined target with 
unprecedented precision. This holds for both photon and ion-
beam therapy with fluence modulation. The latest generation 
of ion-beam delivery systems based on pencil beam scanning, 
which is the new standard, combines highest conformity with 
optimal organ at risk sparing. On the other hand, an essential 
characteristic of ion treatment plans is their intrinsic 
sensitivity to temporal anatomic changes since tissue density 
can deteriorate a good proton or ion dose distribution.  
The multifaceted new paradigms of image guided and 
(biologically) adaptive radiotherapy motivated many recent 
technological developments or new treatment concepts. For 
example, image guidance by magnetic resonance imaging 
(MRI) has lead to new beam delivery units where an MR is 
combined with a linear accelerator or a cobalt sources for 
photon beam therapy. The MR guidance paradigm from 
photon beam therapy is also influencing proton beam 
research. The new treatment concept of dose painting, 
where tumor sub-volumes with a potential resistance are 
visualized via functional imaging and are boosted with an 
extra dose, has also its origin in the photon community but 
ion-beam are probably the ultimate brushes for dose 
painting.  
One great challenge in image guided and (biologically) 
adaptive radiotherapy remains however to detect, assess, 
delineate, and track this target with the same precision and 
to respond to changes in the target volume during the course 
of the treatment, both with respect to changes in time and 
space. In this context medical image processing has become 
an important research field. Moreover, “missing links” have 
hampered the widespread clinical implementation and 
validation of new developments.  
 
